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1
HEAT EXCHANGER FOR OVEN

BACKGROUND OF THE INVENTION

The present mnvention relates to commercial ovens and, in
particular, to heat exchangers for gas operated combination
steam ovens.

(Gas operated commercial ovens, such as combination
ovens and other gas ovens, produce heat by delivering and
burning gas 1n a burner tube. This produces heated flue gases
that are directed to flow through a heat exchanger tube, even-
tually out of the oven, and are exhausted through a ventilation
system. While the heated flue gases flow through the heat
exchanger tube, heat 1s transferred from the heated flue gases
to the material of the heat exchanger tube. A fan blows air
across the heat exchanger tube, heating the air, and delivers
the heated air into a cooking volume of the oven to cook the
food.

Typical heat exchanger tubes are made from long lengths
of round tubing that are bent into a looping configuration that
1s provided concentrically outside of a radial fan. Using round
tubing provides low flow resistance for the flue gasses and
allows the heat exchangers to be made using simple fabricat-
ing techniques and equipment such as rollers and benders that
can typically form the entire looping configuration from a
single piece of round tubing.

SUMMARY OF THE INVENTION

The present invention provides an oven that includes a heat
exchanger with flattened tube segments designed so as to
improve the heat transier efficiency of the heat exchanger.
The flattened tube segments of the heat exchanger provide a
low thermal resistance during an exchange of heat between
the heated flue gasses and the material of the heat exchanger
by reducing the average path length between the flue gases
and the oven 1nterior through the wall of the tube. This 1s true
even though the surface area of the tube 1s not changed. A
lower thermal resistance allows the flattened tube segment to
be more efficient at transferring heat from the tlue gasses to
the fan-driven air that will be delivered to the cooking volume
for cooking food.

Specifically then, the present invention provides an oven
having an oven housing defining a cooking volume and a fan
communicating with the cooking volume for directing heated
air through the cooking volume. A heat exchanger provides at
least one tube extending around the fan for heating the heated
air being directed by the fan through the cooking volume. The
heat exchanger tube includes a first tube segment having a
first passage extending longitudinally along an axis there-
through and having a width that i1s defined transversely across
and through a middle portion of the first passage, and a second
tube segment connected to the first tube segment and having,
a second passage communicating with the first passage and
extending longitudinally along the axis through the second
tube segment and having a width that 1s defined transversely
across and through a middle portion of the second passage.
The width of the second tube segment 1s smaller than the
mimmum width of the first tube segment and the first and
second tube segments have substantially the same surface
area per unit distance along the axis.

It 1s thus a feature of at least one embodiment of the inven-
tion 1s to provide an increase in the heat transfer in sections of
the heat exchanger by flattening the tubing.

According to another aspect of the invention, the second
tube segment may define a flattened portion that may provide
a minor axis that extends across the middle portion of the
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second passage 1n a first direction and a major axis that 1s
longer than the minor axis and extends across the middle
portion of the second passage in a second direction that 1s
different than the first direction. The width of the second
passage may be defined by the minor axis and a height of the
second passage may be defined by the major axis, whereby
the second passage that 1s defined within the flattened portion
may be narrower than it 1s tall. The length of the major axis of
the second passage may be at least about twice the length of
the minor axis of the second passage, whereby the second
passage may be about one-half as narrow as 1t1s tall. This may
provide relatively small transverse spacing(s) between flue
gasses within a passage and a confining wall of a tube segment
through which heat from the flue gasses may be transterred.

It 1s thus a feature of at least one embodiment of the 1nven-
tion to effect a compromise between increased heat
exchanger effectiveness and restriction of flue gas flow
through the heat exchanger.

According to another aspect of the invention, the first pas-
sage of the first tube segment defines a circular or round
cross-sectional perimeter shape and the second passage of the
second tube segment defines a non-round cross-sectional
perimeter shape. The non-round cross-sectional perimeter
shape may be a flattened round shape or a generally oval
shape, for example, an elliptical shape. Each of the first and
second tube segments may be made from a piece of round
tubing. At least part of the second tube segment may flattened
from the respective piece of round tubing so that the second
tube segment may define a pair of side walls that extend 1n a
generally common direction and a pair of curved end walls
that interconnect respective ends of the side walls to each
other. The width of the second tube segment and, thus, the
passage extending through the second tube segment may be
defined between the side walls of the second tube segment
and the passages of the first and second tube segments may
have a common cross-sectional area. This may provide a tube
segment that 1s relatively narrower and provides a lower ther-
mal resistance and greater thermal conductance while allow-
ing different segments of the heat exchanger to have different
cross-sectional shapes while being made from a single type of
tubing stock.

It 1s thus a feature of at least one embodiment of the 1nven-
tion to provide a heat exchanger that has different segments
having different cross-sectional perimeter shapes for reduced
thermal resistance and enhanced thermal conductance and
that can be made from a single or relatively few types of stock.

According to another aspect of the mmvention, the heat
exchanger may include straight sections and curved sections
and the second tube segment may be arranged within one of
the straight sections of the heat exchanger. The second tube
segment defines a flattened portion and a transition portion
connecting the first tube segment to the flattened portion of
the second tube segment. The transition portion may taper
inwardly from the first tube segment to the flattened portion of
the second segment 1n a first direction and may expand out-
wardly from the first tube segment to the flattened portion of
the second segment 1n a second direction. This may allow the
flattened tube segments to be formed by flattening straight
pieces of round tubing, without flattening the ends of the tube
segments, and then welding or otherwise joining the non-
flattened ends of the otherwise tlattened pieces of round tub-
ing to the round peripheral walls of round tubing to construct
the overall heat exchanger.

It 1s thus a feature of at least one embodiment of the inven-
tion to provide a heat exchanger with modular sections that
can be assembled as an overall configuration that includes
straight segments with flattened portions.
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According to another aspect of the mvention, the flattened
portions are arranged at angles. The flattened portions can be
angularly aligned with respect to each other, with respect to
walls of the oven, and/or with respect to air tlow direction(s)
of the fan provided within the heat exchanger. This may allow
the flattened portions to function as louvers that can influence
the flow direction of air being blown from the fan.

It 1s thus a feature of at least one embodiment of the inven-
tion to provide a heat exchanger with flattened portions that
are arranged to enhance airtflow patterns 1n the oven.

These particular features and advantages may apply to only
some embodiments falling within the claims and thus do not
define the scope of the invention.

BRIEF DESCRIPTION OF THE DRAWINGS

FI1G. 1 1s a simplified perspective view of an oven 1n partial
cutaway showing a heat exchanger of the heat exchanger

FI1G. 2 15 an exploded pictorial view of the heat exchanger
of FIG. 1;

FIG. 3 1s a front elevation view of the heat exchanger of
FIG. 1;

FIG. 4 1s a cross-sectional view from above of the heat
exchanger, taken at line 4-4 of FIG. 3;

FIG. 5 1s a cross-sectional view from the right of the heat

exchanger, taken at line 5-5 of FIG. 3; and
FIG. 6 1s a close-up cross-sectional view of a flattened
portion of the heat exchanger, taken at circle 6-6 of FIG. 4

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENT

Referring now to FIG. 1, a commercial oven 5, shown 1n a
simplified and mostly schematic manner, 1s suitable for pro-
viding steam and convection air cooking as controlled by a
controller (not shown) 1 a known manner. The oven 5
includes a housing 8 that defines a cooking volume 10 which
1s open toward a front of the housing 8. The cooking volume
10 1s accessible through a door 12 including a glass vision
panel, the door 12 connected by a hinge at one vertical side of
the housing 8 to sealingly or otherwise close that cooking
volume 10 during cooking operations. A gasket (not shown)
may be provided 1n some embodiments to surround an open-
ing of the cooking volume 10, covered by the door 12. A latch
assembly (not shown) allows the door 12 to compress the
gasket and be the retained 1n what may be a sealed position or
to be released to allow the door 12 to open. A door sensor (not
shown), for example, a micro switch, may provide a signal
indicating whether the door 12 1s open or closed by the latch
assembly. Positioned within the housing 8 and communicat-
ing with the cooking volume 10 through a perforated panel 14
(shown mostly cut away) 1s a convection fan 16 forcing air 1n
a radial direction away from the fan 16, past the heat
exchanger system or heat source 18, and into the cooking
volume 10 providing heat for cooking items 1n the cooking
volume 10. The heat exchanger system or heat source 18
includes a burner tube 20, which can be oriented either ver-
tical or horizontal, in which gas combustion occurs 1n a
known manner to provide heated flue gasses that are directed
through a heat exchanger 22 which 1s connected to an end of
the burner tube 20. The heat exchanger 22 wraps around the
fan 16 twice and directs the flue gasses along a generally
coilling path about the fan 16, explained in greater detail
elsewhere herein, and out of an outlet tube 24 that 1s con-
nected to ductwork (not shown) for exhausting the flue gas-
S€S.
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Still referring to FIG. 1, the heat source 18 further provides
heat for the production of steam produced by a water jet 26
controlled by a valve (not shown) typically impinging on the
fan 16 and a portion of the convection heating element 18
proximate to the fan 16. Ovens of this type are commercially
available from the Alto-Shaam Inc. of Menomonee Falls,
Wis., and are described generally 1n U.S. Pat. No. 6,188,045
“Combination Oven with Three Stage Water Atomizer”
hereby mncorporated by reference. One or more thermal sen-
sors, for example, platinum RTD or thermocouple elements,
may communicate with the cooking volume 10 to provide an
clectrical signal indicating a temperature within that volume
10.

Referring now to FIG. 2, the heat exchanger or the heat
source 18 can be made from stainless steel or other suitable
metal materials, which may be provided as interconnected
tube segments that may be mterconnected by welding about
the entire periphery of the abutting or otherwise engaging
ends of the tube segments so as to provide a fluid-tight con-
nection therebetween. The heating element 18 1s supported in
a suspended manner from engagements of the outlet tube 24
and a flange 28 to walls of the housing 8. The flange 28 is
provided at an end of a multiple segmented elbow 30 at an
upper end of the burner tube 20. A passage through the tlange
28 and elbow 30 provide a routing path through which gas
plumbing lines, which deliver gas to a burner assembly and
clectrical conductors that are operably connected to an 1gniter
within the burner tube 20 extend, as 1s known. A splitter 32 1s
connected to a lower end of the burner tube 20 and has a
circular shaped inlet with a relatively larger diameter and two
outlets that have circular shapes and relatively smaller diam-
cters that are the same size as each other and that are arranged
generally perpendicularly to the inlet of the splitter 32. The
heat exchanger 22 extends from the splitter 32 and includes an
outer loop 34 and an inner loop 36. Each of the outer and inner
loops 34, 36 includes a pair of hoops made from tubing,
shown as back and front hoops 38, 40, 42, and 44 for the outer
and inner loops 34, 36, respectively.

The back hoops 38, 40 of the outer and mner loops 34, 36
are connected to each other so that a continuously looping
passage 1s provided that defines a first flow path through the
heat exchanger 22. The first tlow path extends from the burner
tube 20 through a back outlet of the splitter 32 and continu-
ously and sequentially through the outer loop back hoop 38
and the mnner loop back hoop 40, then through a back inlet of
a collector 46 that 1s connected to the outlet tube 24. The front
hoops 42, 44 of the outer and 1nner loops 34, 36 are connected
to each other so that a continuously looping passage 1s pro-
vided that defines a second flow path through the heat
exchanger 22. The second flow path extends from the burner
tube 20 through a front outlet of the splitter 32 and continu-
ously and sequentially through the outer loop front hoop 42
and the 1nner loop front hoop 44, then through a front inlet of
the collector 46 so the first and second tlow paths merge 1n the
collector 46 and the combined volume 1s directed out of the
oven S through the outlet tube 24.

Still referring to F1G. 2, the outer loop back and front hoops
38, 42 may be provided by tube segments that are made from
lengths of round tubing stock, for example, 134" or 134"
outside diameter tubing. Each of the outer loop back and front
hoops 38, 42 includes straight sections 48 and curved sections
50. As shown 1n FIGS. 2 and 3, the curved sections 50 are
shown as being curved at about 90 degrees to provide rounded
corners between respective pairs of straight sections 48. In
this way, adjacent straight sections 48 are arranged at about 90
degrees with respect to each other so that the outer loop 34
provides a generally rectangular arrangement at the outside of
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the heat exchanger 22. The straight sections 48 at the ends of
the outer loop back and front hoops 38, 42 that connect to the
iner loop back and front hoops 40, 44 may be substantially
shorter than other straight sections 48 within the outer loop
34.

Referring again to FIG. 2, the mner loop back and front
hoops 40, 44 may be provided by tube segments that are made
from lengths of round tubing stock which may have the same
diameter(s) as the outer loop back and front hoops 38, 42, for
example, 134" or 134" outside diameter tubing. Each of the
inner loop back and front hoops 40, 44 includes straight
sections 51 and curved sections 54. As shown in FIGS. 2 and
3, like the curved sections within the outer loop 34, the curved
sections 54 of the inner loop back and front hoops 40, 44 are
shown as being curved at about 90 degrees to provide rounded
corners between respective pairs of straight sections 51, so
that adjacent straight sections 51 are arranged at about 90
degrees with respect to each other so that the inner loop 36
provides a generally rectangular arrangement at the inside of
the heat exchanger 22, closer to the fan 16 (FI1G. 1) than the
outer loop 34.

Referring again to FIG. 2, each of the mner loop straight
sections 51 includes a pair of tube segments 52 and other tube
segments that provide a pair of transitions portions 36 that are
arranged 1n longitudinal alignment and 1n generally opposite
facing orientations with respect to each other. Each tube seg-
ment 52 1s shown as being circular or round 1n cross-section.
Each transition portion 56 has a first end, shown as a round
end 58 that defines a round opening and that 1s connected to a
respective one of the tube segments 52, and a second end,
shown as a flattened end 60 with a non-round opening that
connects to a tube segment that provides a flattened portion 62
of the straight section 51 and that extends longitudinally
between respective pairs of the transition portions 56 (FIGS.
2 and 3). In this way, each transition portion 56 tapers
inwardly from a round circumierential side wall of the tube
segment 52 1n a {irst direction. Each transition portion 56
expands outwardly from the round circumierential side wall
of the tube segment 52, 1n a second direction that 1s shown as
being generally perpendicular to the first direction. The non-
round opening of the transition portion flattened end 60 may
have the same cross-sectional perimeter shape as the flattened
portion 62. As shown 1n FIGS. 4, §, and 6, such non-round
opening shape of the transition portion flattened end 60 and
the entire tlattened portion 62 provided between the pair of
transition portions 56 may each be produced from a piece of
round tubing stock material that 1s squeezed 1n a press to
partially collapse the piece(s) of round tubing stock material
in a transverse direction.

Referring now to FIG. 6, the cross-sectional perimeter
shape of the flattened portion 62 1s defined by a pair of side
walls 64 that extend in a generally common direction and a
pair of end walls 66 that interconnect respective ends of the
side walls 64 to collectively define an oval, for example, an
clliptical, perimeter shape. Accordingly, the side walls 64 are
shown as being slightly arcuate and mirror 1mages of each
other about a major axis 68 that extends longitudinally along
a centerline through a cross-section of the flattened portion
62, across a passage 70 that extends lengthwise through the
flattened portion 62, and define a maximum width of the
passage 70 and flattened portion 62. The end walls 66 extend
in generally the same direction and are also arcuate, although
have more curvature than the side walls 64, and are mirror
images of each other about a minor axis 72 that extends
transversely along a centerline through a cross-section of the
tflattened portion 62, across the passage 70 1n a direction that
1s generally perpendicular to the major axis 68. In this regard,
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the length of the major axis 68 corresponds to a height of the
passage 70, which corresponds to a height of the flattened
portion 62. A length of the minor axis 72 defines a width of the
passage 70, which corresponds to a width of the flattened
portion 62, such that the passage 70 and thus flattened seg-
ment 62 are narrower than they are tall.

Still referring to FIG. 6, as shown, the height of the passage
70 and thus flattened portion 62 1s about twice that of 1ts
corresponding width. In one exemplary embodiment, it 1s
understood that the length of the major axis 68 and thus the
height ol the passage 70 and flattened portion 62 may be about
two 1nches, whereas the length of the minor axis 72 and thus
the width of the passage 70 and flattened portion 62 may be
about one 1nch. In such an example, the greatest transverse
distance between a middle portion of the passage 70 near the
intersection of the major and minor axes 68, 72, and the
closest heat conductive material provided by the flattened
portion 62 would be about one-half inch, which 1s substan-
tially less than 11 the flattened portion 62 had not been flat-
tened but instead retained 1ts pre-flattened round cross-sec-
tional shape, providing a low thermal resistance and high
thermal conductivity of the flattened portion 62 through the
passage 70. That 1s because the relatively narrower gap across
the width of the passage 70 provides relatively less space for
which a gas(es) may act as an insulator 1n that direction,
within the passage 70. The narrower and taller configuration
ol the passage 70 and flattened portion 62, when compared to
its preceding round cross-sectional form, can be seen 1n FIG.
6 by comparing the oval cross-sectional perimeter shape of
flattened portion 62 to an edge 74 of the flattened end 60 (FIG.
3) of the transition portion 36 that 1s aligned with an 1nner
surtace of the round circumierential sidewall of the tube
segment 52 (FIG. 3).

Referring again to FIGS. 4, 5, and 6, the flattened portions
62 are shown as being arranged angularly with respect to the
general arrangement of the heating element 18 and thus also
angularly with respect to walls of the housing 8 of the oven 5
(F1G. 1). The flattened portions 62 shown toward the left-
hand side of FIG. 4 are parallel to each other but angled with
respect to other components of the heat exchanger 22. The
flattened portions 62 shown toward the right-hand side of
FIG. 4 are angled with respect to each other and to other
components of the heat exchanger 22, so that the major axes
(FIG. 6) of such flattened portions 62 converge toward a
central portion of the heat exchanger 22. Furthermore, the
transition portion 56 shown toward the bottom-right of F1G. 4
as part of the inner loop front hoop 44 includes a bend so that
the tube-corresponding segment 52 1s angled with respect to
the respective flattened portion 52 of the inner loop fronthoop
44, when viewed from above. In this arrangement, the
upwardly extending flattened portions 62 shown in cross-
section at the right-hand side of FIG. 4 are spaced at substan-
tially, plus or minus about 5%, the same distance from the
burner tube 10.

The flattened portions 62 shown toward the right-hand side
of FIG. § are parallel to each other but angled with respect to
other components of the heat exchanger 22. The flattened
portions 62 shown toward the left-hand side of FIG. S are
angled with respect to each other and to other components of
the heat exchanger 22, so that the major axes (FI1G. 6) of such
flattened portions 62 converge toward a point that 1s located
outside of the heat exchanger 22. The angularly arrangements
of the flattened portions 62 allow the flattened portions 62 to
act like louvers that can mfluence flow direction(s) or flow
pattern(s) of cook air being moved by the fan 16 across the
heat exchanger 22 to obtain heat before entering the cooking
volume 10.




US 9,372,005 B2

7

In this way, since the components of the heat exchanger 22
can be made from the same size and type of metal tubing, 1n
which some components or portions thereof may be flattened
to provide non-circular cross-sectional perimeter shapes, the
heat exchanger 22 may provide first and second tube seg-
ments having different mimimum widths, different maximum
widths, and/or different cross-sectional perimeter shapes,
even though the first and second tube segments having sub-
stantially the same surface area per unit distance along the
respective longitudinal axis. For example, the first tube seg-
ment may be defined by one of the tube segments 32 and the
second tube segment may be defined by the flattened portion
62 connected to such tube segment 52 by an intervening,
transition portion 56. Thus, the tube segment 52 and flattened
portion 62 may provide a common surface area of their
peripheral walls per unit distance along their aligned longi-
tudinal axes, despite defining different minimum waidths,
maximum widths, and/or cross-sectional perimeter shapes.
The first or second tube segment may 1nstead be defined by
the transition portion 56 and the other one of the first or
second tube segment may be defined by the flattened portion
62. The first and second tube segments may be defined within
the transition portion 36 itself, by the round end 58 and
tflattened end 60 that provide a common surface area of their
peripheral wall portions per unit distance along the axis,
despite having different minimum widths, maximum widths,
and cross-sectional perimeter shapes. The first and second
tube segments may be defined by other components or por-
tions of components within the heat exchanger 22 that may
provide a common surface area of their peripheral walls per
unit distance along their a longitudinal axis, despite defiming
different minimum widths, maximum widths, and cross-sec-
tional perimeter shapes. This provides a low thermal resis-
tance during an exchange of heat between the heated flue
gasses and the material of the heat exchanger by reducing the
average path length between the flue gases and the oven
interior through the wall of the tube.

Certain terminology 1s used herein for purposes of refer-
ence only, and thus i1s not intended to be limiting. For
example, terms such as “upper”, “lower”, “above”, “below”,
“clockwise”, and “‘counterclockwise” refer to directions in
the drawings to which reference 1s made. Terms such as
“front”, “back™, “rear”, “bottom”, and “‘side’ describe the
orientation of portions of the component within a consistent
but arbitrary frame of reference which 1s made clear by ref-
erence to the text and the associated drawings describing the
component under discussion. Such terminology may include
the words specifically mentioned above, dertvatives thereot,
and words of similar import. Similarly, the terms “first”,
“second”, and other such numerical terms referring to struc-
tures do not imply a sequence or order unless clearly indicated
by the context.

When introducing elements or features of the present dis-
closure and the exemplary embodiments, the articles *“a”,
“an”, “the”, and ““said” are intended to mean that there are one
or more of such elements or features. The terms “compris-
ing”, “including™, and “having” are intended to be inclusive
and mean that there may be additional elements or features
other than those specifically noted. It 1s further to be under-
stood that the method steps, processes, and operations
described herein are not to be construed as necessarily requir-
ing their performance in the particular order discussed or
illustrated, unless specifically 1dentified as an order of perfor-
mance. It 1s also to be understood that additional or alternative
steps may be employed.

References to a controller, computer or processor, or its

equivalent can be understood to 1include one or more compu-
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tational devices including microprocessors, field-program-
mable gate arrays, and application-specific integrated circuits
that can implement state-aware logic and that can communi-
cate 1n a stand-alone and/or a distributed environment(s), and
can thus be configured to communicate via wired or wireless
communications with other processors, where such one or
more processor can be configured to operate on one or more
processor-controlled devices that can be similar or different
devices. Furthermore, references to memory, unless other-
wise specified, can include one or more processor-readable
and accessible memory elements and/or components that can
be internal to the processor-controlled device, external to the
processor-controlled device, and can be accessed via a wired
or wireless network.

We claim:

1. An oven comprising:

an oven housing defining a cooking volume enclosed by
oven walls;

a fan communicating with the cooking volume for direct-
ing heated air through the cooking volume;

a heat exchanger providing at least one tube extending
around and encircling the fan for heating the heated air
being directed by the fan through the cooking volume,
the heat exchanger tube including:

a splitter separating the tube of the heat exchanger into
two substantially parallel tubes each having a first and
second tube segments,

the first tube segment having a {irst passage extending
longitudinally along an axis therethrough and having
a width that 1s defined transversely across and through
a middle portion of the first passage, and

the second tube segment connected to the first tube seg-
ment and having a second passage communicating
with the first passage and extending longitudinally
along the axis through the second tube segment and
defining a tlattened portion having a width defined by
a minor axis and a height defined by a major axis that
1s longer than the minor axis,

wherein the first and second tube segments have sub-
stantially the same surface area per unit distance
along the axis, and

wherein the tube extending around the fan includes a set
ol series connected straight sections and curved sec-
tions wherein each respective straight section shares a
common axis extending longitudinally therethrough
the straight section and wherein the second tube seg-
ment 1s arranged within one of the straight sections of
the heat exchanger and the major axis of the second
tube segment 1s tipped with respect to the oven walls.

2. The oven of claim 1 wherein the width of the second
passage 1s smaller than the width of the first passage and
wherein the height of the second passage 1s greater than a
height of the first passage.

3. The oven of claim 2 wherein the length of the major axis
of the second passage 1s at least about twice the length of the
minor axis of the second passage.

4. The oven of claim 3 wherein the flattened portion defines
an oval cross-sectional shape.

5. The oven of claim 1 wherein the first passage of the first
tube segment defines a circular cross-sectional perimeter
shape and the second passage of the second tube segment
defines a non-circular cross-sectional perimeter shape.

6. The oven of claim 5 wherein the cross-sectional perim-
cter shape of the second passage 1s a flattened round shape.

7. The oven of claim 5 wherein the second passage defines
a cross-sectional perimeter shape that 1s generally oval.
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8. The oven of claim 7 wherein each of the first and second
tube segments 1s made from a piece of round tubing and
wherein at least part of a length of the second tube segment 1s
flattened so that the second tube segment defines a pair of side
walls that extend 1n a generally common direction and a pair
of curved end walls that interconnect respective ends of the
side walls to each other, and wherein the minimum width of
the second tube segment 1s defined between the side walls of
the second tube segment.

9. The oven of claim 8 wherein the first and second pas-
sages of the first and second tube segments have substantially
identical perimeter lengths.

10. The oven of claim 1 wherein the minimum width of the
second tube segment 1s defined between the side walls of the
flattened portion of the second tube segment.

11. The oven of claim 1 wherein the first and second tube
segments extend longitudinally adjacent to each other and are
arranged 1n the first straight section of the heat exchanger.

12. An oven comprising:

an oven housing defining a cooking volume;

a fan communicating with the cooking volume for direct-

ing heated air through the cooking volume;

a heat exchanger providing at least one tube extending

around the fan for heating the heated air being directed

by the fan through the cooking volume, the heat

exchanger tube 1including:

a first tube segment having a {first passage extending
longitudinally along an axis therethrough and having
a width that 1s defined transversely across and through
a middle portion of the first passage,

a second tube segment connected to the first tube seg-
ment and having a second passage communicating
with the first passage and extending longitudinally
along the axis through the second tube segment and
having a width that 1s defined transversely across and
through a middle portion of the second passage,
wherein the width of the second tube segment is
smaller than the mimmmum width of the first tube seg-
ment; and

a splitter separating the tube of the heat exchanger into
two substantially parallel tubes each having the first
and second tube segments;
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wherein the first and second tube segments have substan-

tially the same surface area per unit distance along the
axis, and

wherein the second tube segments are positioned to be

adjacent and parallel to each other and with axes of
maximum width tipped with respect to an oven wall.

13. The oven of claim 12 wherein the axes of maximum
width of the second tube segments are parallel.

14. The oven of claim 12 wherein the axes of maximum
width of the second tube segments are not parallel.

15. An oven comprising;:

an oven housing defining a cooking volume enclosed by

oven walls;

a fan communicating with the cooking volume for direct-

ing heated air through the cooking volume;

a heat exchanger providing at least one tube extending

around and encircling the fan for heating the heated air

being directed by the fan through the cooking volume,

the heat exchanger tube imncluding:

a splitter separating the tube of the heat exchanger into
two substantially parallel tubes, each having a first
and second tube segments,

the first tube segment having a {irst passage extending
longitudinally along an axis therethrough and having
a width that 1s defined transversely across and through
a middle portion of the first passage, and

the second tube segment connected to the first tube seg-
ment and having a second passage communicating
with the first passage and extending longitudinally
along the axis through the second tube segment and
defining a tlattened portion having a width defined by
a minor axis and a height defined by a major axis that
1s longer than the minor axis,

wherein the first and second tube segments have sub-
stantially the same surface area per unit distance
along the axis,

wherein the tube extending around the fan includes a set
ol series connected straight sections and curved sec-
tions wherein each respective straight section shares a
common axis extending longitudinally therethrough
the straight section and wherein the second tube seg-
ment 1s arranged within one of the straight sections of
the heat exchanger.
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